One-sentence summary We document the earliest known interbreeding between ancient hu-4 man populations and an expansion out of Africa early in the middle Pleistocene. 5 Previous research has shown that modern Eurasians interbred with their Ne-6 anderthal and Denisovan predecessors. We show here that hundreds of thou-7 sands of years earlier, the ancestors of Neanderthals and Denisovans interbred 8 with their own Eurasian predecessors-members of a "superarchaic" popula-9 tion that separated from other humans about 2 mya. The superarchaic pop-10 ulation was large, with an effective size between 20 and 50 thousand individ-11 uals. We confirm previous findings that: (1) Denisovans also interbred with 12 superarchaics, (2) Neanderthals and Denisovans separated early in the middle 13 Pleistocene, (3) their ancestors endured a bottleneck of population size, and 14 (4) the Neanderthal population was large at first but then declined in size. We 15 provide qualified support for the view that (5) Neanderthals interbred with the 16 ancestors of modern humans. 17 19 50 kya, when modern humans expanded into Eurasia [1, 2, 3]. Here, we focus farther back in 20 time, on events that occurred more than a half million years ago. In this earlier time period, 21 the ancestors of modern humans separated from those of Neanderthals and Denisovans. Some-22 what later, Neanderthals and Denisovans separated from each other. The paleontology and 23 archeology of this period record important changes, as large-brained hominins appear in Eu-24 rope and Asia, and Acheulean tools appear in Europe [4, 5]. It is not clear, however, how these 25 large-brained hominins relate to other populations of archaic or modern humans [6, 7, 8, 9]. 26 1 "superarchaic" population that is distantly related to other humans. Lower-case letters at the 32 bottom of Fig. 1 label "nucleotide site patterns." A nucleotide site exhibits site pattern xyn if 33 random nucleotides from populations X, Y , and N carry the derived allele, but those sampled 34 from other populations are ancestral. Site pattern probabilities can be calculated from models of 35 population history, and their frequencies can be estimated from data. Our Legofit [10] software 36 estimates parameters by fitting models to these relative frequencies.
Greek letters label episodes of admixture. d and xyn illustrate two nucleotide site patterns, in which 0 and 1 represent the ancestral and derived alleles. A mutation on the red branch would generate site pattern d. One on the blue branch would generate xyn. For simplicity, this figure refers to Neanderthals with a single letter. Elsewhere, we use two letters to distinguish between the Altai and Vindija Neanderthals.
We studied this period using genetic data from modern Africans and Europeans, and from two 27 archaic populations, Neanderthals and Denisovans. we must estimate and allows us to focus on the distant past.
42
The current data include two high-coverage Neanderthal genomes: one from the Altai
43
Mountains of Siberia and the other from Vindija Cave in Croatia [13] . Rather than assigning 44 the two Neanderthal fossils to separate populations, our model assumes that they inhabited the 45 same population at different times. This implies that our estimates of Neanderthal population 46 size will refer to the Neanderthal metapopulation rather than to any individual subpopulation.
The Altai and Vindija Neanderthals appear in site pattern labels as "a" and "v". Thus, av 48 is the site pattern in which the derived allele appears only in nucleotides sampled from the two 49 Neanderthal genomes. Fig. 2 
Discussion

Molecular clock calibration
We assume a mutation rate of 1.1 × 10 −8 per site per generation [34] and a generation time of 205 29 y-a yearly rate of 0.38×10 −9 . To calibrate the molecular clock, we assume that the modern 206 and neandersovan lineages separated T XY N D = 25920 generations before the present [14] . This
